This study was designed to evaluate the usefulness of non-invasive parameters in the follow-up of cardiopathic patients without valvular cardiac diseases.
SUMMARY
This study was designed to evaluate the usefulness of non-invasive parameters in the follow-up of cardiopathic patients without valvular cardiac diseases.
In 49 patients suffering from heart disease we have studied the changes of radiologic cardiac measurements and systolic time intervals (STI) in the 4 functional classes of the NYHA classification, investigating also the existence of any relationship between these different parameters. Only the patients in the 3rd and the 4th functional classes showed significant changes in STI and radiologic measurements, as compared with the control group. Moreover, significant negative correlations have been observed between relative heart volume and LVET (r=0.69, P<0.001) and LVETc (r=0.82, P<0.001) and positive correlations between relative heart volume and PEP (r=0.59, P<0.01) and PEP/LVET ratio (r=0.75, P<0.001).
These results, while confirming the close correlation between STI and cardiac performance, seem to demonstrate that relative heart volumetry is a fairly accurate index of the cardiac conditions in non-valvular heart diseases. vasive techniques.3),11),15) However, these latter techniques, although associated with very small risk for the patient, can hardly be used for serial examinations frequently necessary for a close follow-up of heart diseases. Consequently, several studies have been performed in an attempt to obtain the largest amount of data from simple and non-invasive roentgenographic examinations. A very close correlation was found between chest X-ray parameters and haemodynamic data in patients with mitral stenosis4) as well as other cardiac diseases9),10) and many parameters (long diameter of the heart, the midright and midleft diameters, the thoraco-cardiac ratio and relative and absolute heart volume) have been proposed for evaluating cardiac conditions from standard chest X-ray.
On the other hand, systolic time intervals (STI), defined and studied several years ago,12),20),21) received lately new attention since they allow a fairly accurate non invasive evaluation of the cardiac performance.
In fact, values of STI different from the normal were found in patients with many cardiac diseases; furthermore, a close correlation between STI and invasive indices of contractility and pump functions of the left ventricle has been shown.1),6),13),14),17)- 19) This study was designed to evaluate the usefulness of non-invasive roentgen parameters in the follow up of cardiopathic patients. For this purpose, in patients with different non-valvular cardiac diseases and in a group of control subjects systolic time intervals and roentgenographic findings, as obtained from standard chest X-ray, were evaluated and any possible correlation among them was investigated.
STUDY POPULATION AND METHODS
The study was performed in 68 male subjects, from 20 to 50 years; 19 of them were normal subjects and represented the control group, the other 49 were suffering from heart disease: 20 had atherosclerotic heart disease without clear signs of coronary sclerosis, 7 had ischemic heart disease, and 22 hypertensive heart disease. Twenty-five of the patients were in the functional class 1 or 2 , 14 in class 3, and 10 in class 4, according to the definition of the New York Heart Association. Patients were not receiving any drug treatment for at least 1 week before the study . STI were obtained from the simultaneous recordings of ECG , phonocardiogram and carotid pulse, while the patient was lying on an examination bed in the supine position. Tracings were recorded by a multichannel photographic system (Electronics for Medicine mod. DR 8) with a paper speed of 100mm/sec . The mean values of 5 cardiac cycles were evaluated for the following parameters:
left ventricular ejection time (LVET) measured from the beginning of the upstroke to the onset of the dicrotic notch of the carotid pulse; pre-ejection period (PEP) calculated by subtracting the ejection time from the electromechanic systole (QS2-LVET); 
RESULTS
The mean values of STI and of roentgen data obtained in the normal subjects and in the cardiac patients of the 4 classes of NYHA are reported in Tables I and II. No significant changes in STI can be observed in the 25 patients in the 1st and the 2nd classes as compared with the control group, while only a few roentgen parameters, i.e. the l and ML diameters and the thoraco-cardiac ratio, show significant changes from the mean normal values.
In the 14 patients classified as in the 3rd class of NYHA, LVET and LVETc values are significantly lower and PEP/LVET ratio higher than those observed in the normal subjects. PEP, PEPc, and ICT, although showing higher values as compared with the normals, are not significantly different. All the X-ray parameters, with the only exception of MR diameter and absolute heart volume are significantly different from those observed in the normal population.
Finally, highly significant differences are observed in the patients classified in the 4th class of NYHA in all polygraphic and roentgenographic parameters, with the exception of the MR diameter.
Significant negative correlations have been found between relative heart volume and LVET (r=0.69, p<0.001) and LVETc (r=0.82, p<0.001) (Figs.1 and 2 ) and positive correlations between relative heart volume and PEP (r=0.59, p<0.01) (Fig.3) and PEP/LVET ratio (r=0.75, p<0.001) (Fig.4) •oe =Patients in functional class I-II.
•¢ =Patients in functional class III.
•› =Patients in functional class IV. No statistically significant correlations have been found between thoracocardiac ratio and LVET (r=0.325, n.s.) or LVETc (r=0.345, n.s.) as well as between other roentgen parameters and STI.
DISCUSSION
The results of this study confirm the close correlation between STI and cardiac performance evaluated both as pump and contractility functions, In fact, in those patients included in the 1st and the 2nd classes of NYHA, STI values were not different from those observed in the normal subjects, since this group was free of symptoms and consequently had a satisfactory cardiac activity at rest. On the contrary, in the group of patients in the 3rd class of NYHA with severe shortness of breath on light exercise, LVET, LVETc, and PEP/LVET ratio showed significant changes from the normal values. Since these indices are closely related to cardiac output, stroke volume and ejection fraction13),17),19) obtained by invasive measurements of the myocardial pump function, their significant changes suggest the failure of this latter function in these patients.
In the same group, PEP and ICT, which are dependent on the myocardial contractility, although at the highest limit of the normal, are not statistically different from the normal values, thus showing that contractility is still preserved.
On the other hand, patients in the 4th class of NYHA had significant changes in all of the STI, associated with dyspnea at rest and other clinical signs of congestive heart failure, thus showing a global impairement of the cardiac performance.
The evaluation of the X-ray findings shows that the early changes in l and ML diameters and in the T/C ratio are not correlated with parallel increase in heart volume, since they occur also in patients in the 1st and the 2nd classes of NYHA, with normal heart volumes. These data are in accord with previous findings.2) Absolute heart volumetry, which in this study is modified only in the 4th class group, is a less sensitive index than the relative heart volumetry. This latter measurement is probably the one that best indicates the myocardial condition since it is unchanged in patients in the 1st and the 2nd classes and gradually increases in the 3rd and the 4th class groups. Its effectiveness in evaluating cardiac conditions is confirmed by the close statistical correlations existing between cardiac volumes and STI, that is not the case for any other X-ray parameter.
Moreover, the close correlation existing between heart volume and LVETc suggests that the increase in cardiac volume is accompanied by a decrease in stroke volume and therefore in ventricular pump function. The demonstration in the experimental model of a linear correlation between internal ventricular diameter and aortic flow7) gives further support to this hypothesis.
In conclusion, the results of this study, while confirming the usefulness of STI as means to evaluate myocardial performance, seem to demonstrate that relative heart volumetry is a fairly accurate index of the cardiac condi- 
